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In  chapter '  7  o f  th is  thes is  l t  i s  ou t f ined  how membrane research  was
s tar ted  in  the  Cent re  fo r  Med ica l  E lec t ron  Mic roscopy  and how an
i n t e r e s t  w a s  d e v e l o p e d  f o r  t h e  a c t i o n  o f  i o n i z i n g  r a d i a t i o n  o n  c e l f u -
la r  membranes,  an  in te res t  shared w i th  the  Labora tory  fo r  Rad io-
pa tho logy .  Fur thermore ,  i t  i s  exp la ined why the  human ery th rocy te  was
c h o s e n  a s  a n  o b j e c t  f o r  t h e  i r r a d i a t i o n  e x p e r i m e n t s .  i n c l u d i n g  b i o -
c h e m r c a l ,  c e - L I  b l o l o g i c a l  a n d  m o r p h o l o g l - c a l  a s p e c t s .
Chapt .e , t :  2  dea ls  w i th  the  s t ruc tu re  o f  the  membrane and membrane cy to-
ske fe ton  o f  the  human ery th rocy te ;  fu r thermore  a  summary  is  g iven  o f
g e n e r a l  a n d  m e m b r a n e  r a d i o b i o l o g y .  A t t e n t i o n  i s  p a i d  t o  t h e  p o s s i b l e
ro le  o f  membrane damage ln  rad ia t ion- induced ce l - l  dea th-
l n  n l - t a p L e r  J  e r y t h r o c y t e  m e m b r a n e  p r o t e i n  c h a n g e s  a r e  d e s c r i b e d ,
f o l l o w i n g  r a d i a t i o n  t r e a t m e n t :  h i g h  m o l e c u l a r  w e i g h t  p r o t e i n  a g g r e -
ga tes  were  fo rmed as  a  resuLt  o f  d isu lph ide  br idg ing  and o ther
c o v a f e n t  c h a n g e s .  S p e e t z ' i n  t u r n e d  o u t  t o  b e  t h e  m o s t  r a d i o s e n s i t i v e
p r o t e i n .  I t  c o u l d  a l s o  b e  s h o w n  t h a t  d u r i n g  p o s t - i r r a d i a t i o n  i n c u b a -
t ion  a t  37"C the  amount  o f  spec t r in  d isu lph ide  aggregates  inc reased
s l  r o n o l v -  P r o t e i n  a a c r e c a t c s  o f  t h e  k i n d  d e s c r i b e d  c o u l d  a f s o  b e
f o u n d  r n  n o n i r r a d i a t e d  c e l l - s ,  a l t h o u g h  a f t e r  m o r e  p r o l o n g e d  i n c u b a t i o n
t i m e s .  I t  i s  m a d e  p l a u s i b l - e  t h a t  g l u t a t h i o n e  d e p l e t i - o n  w a s  r e s p o n s i b l e
fo r  the  pro te in  aggregat ion  observed.  oH rad ica ls  cou ld  be  shown to
L r e  a f  I c a s t  n a r f I w  o n ê r e t i v c  i n  t h e  a o o r e n a t i n n  n r o c e s s .
I n  c h a p t e r  4  r a d i a t i o n - i n d u c e d  c h a n g e s  i n  t h e  s h a p e  o f  t h e  h u m a n
ery th rocy te  a re  descr ibed as  observed w i th  l iqh t  and e lec t ron  mic ro-
s c o p y :  t h e  n o r m a - I  ( d r s c o i d )  f o r m  w a s  c o n v e r t e d  i n t o  t h e  s p i c u l a t e d
(ech inocy t lc )  fo rm.  Max imal  rad ia t i -on  e f fec ts  were  observed a f te r  a
p o s t - i r r a d i a L i o n  i n c u b a t i o n .  T h e  c o n v e r s i o n  p r o c e s s  w a s  c o n t i n u o u s ,
l e a d i n g  t o  1 0 0  p e r c e n t  e c h i n o c y t e s  a t  a f 1  d o s e s ,  w h e n  c e l f s  w e r e
i n c u b a t e d  a t  3 7 o C .  H o w e v e r ,  i f  c e l l s  w e r e  k e p t  a t  4 o C ,  a  f a s t e r  s h a p e
change was observed lead ing  to  a  dose-dependent  rnax ima l  percentage o f
208
echinocytes. At 37'c the shape changes could be prevented by incuba-
t ion with glucose or adenosj-ne. Furthermore the shape changes could
be reversed with adenosine. I t  was shown that echinocyte formati-on
also occurred in nonj-rradiated ce1ls, although at a much slower rate.
These results make i t  reasonable to suppose that a deplet ion of
energy sources was responsible for the shape changes. Because
2-deoxyg lucose,  wh ich  j -s  a  subs t ra te  fo r  csH- regenera t ion ,  d id  no t
inhibit  Lhe observed shape conversion, a radiat ion-induced GSH-
dep le t ion  d id  no t  seem to  be  invo l -ved;  a lso  s ide  e f fec ts  o f  ATP-
dep le t ion ,  such as  an  inc rease o f  the  in t race l lu la r  Ca2f -concent ra -
t ion, could not account for the shape changes observed. From experi-
ments with the OH radical scavenger mannitol i t  could be concluded
that the radiat ion-induced shape changes were part ly due to the
action of OH radicals. No correl-at i .on was found between the molecuiar
spectr i-n changes as descrlbed 1n chapter 3 and the changes in mor-
phology as reported in chapter 4.
In  ehapter  5  inves t iga t ions  are  descr ibed concern ing  Concanava l in  A
(Con a)- induced agglut inatÍon behaviour of human erythrocytes- A
conventi-onaI agglut ination method (the U-type microt i ter assay) has
been used and a new agglut ination method has been introduced which
enabled a reproducible agglut ination of íntact human erythrocytes.
Tempera ture ,  lec t in  concent ra t ion ,  lec t in  receptor  mob i l i t y ,  charge
expression and the metabolic state of the ceII were shown to be im-
portant for Con A-induced agglut ination behaviour. ï t  was demonstrated
tha t  i r rad ia t lon  inh ib i ts  Con A- induced agg lu t ina t ion .  A  change in  the
extent of binding of the l-ect in was not found to play a rol-e.
Radiat ion-Índuced changes of the extracel lular medlum were shown to
be par t l y  respons ib le  fo r  the  rad ia t lon  e f fec t  observed.  c lucose,
when present  dur ing  the  pos t - i r rad j -a t ion  per iod ,  cou1d prevent  th is
rad iè t ion  e f fec t .
In  chapter  6  morpho log ica l  exper iments  on  ery th rocy tes  (us ing  the
f reeze- f rac tu re / f reeze-e tch  techn ique)  a re  descr ibed.  Rad ia t ion  was
shown not to inf luence the .distr ibution pattern of intramembranous
par t i c les  ( IMP)  up  to  500 cy ;  moreover ,  the  d is t r ibu t ion  o f  Con A










Ís  conc luded tha t  the  mob i l i t y  o f  the  Con A receptor  has  no t  been in -
c reased by  i r rad i -a t ion .  Wi th  the  use  o f  add i t iona l  incubat ions  w i th
ant i -Con A an t ibody  a l f  Con A molecufes  cou ld  be  shown to  aggregate
on the  membrane sur face .  I r rad ia t ion  d id  no t  in f l -uence th is  p rocess ,
wh ich  ind ica tes  tha t  i r rad ia t ion  d id  no t  decz ,ease the  Con À receptor
mob i l i t y .  In  the  second par t  o f  the  chapter  some cr l t i ca l  remarks  are
made as to the technique last-mentioned: the antibody-induced aggre-
ga t ion  o f  the  Con A moLecu les  on  the  ce l l  sur face  may no t  a lways
necessar i l y  mean tha t  con  A reeeptoxs  were  aggregated .  Th is  phenom-
enon may have consequences for the relat ion between con A receptor
and IMP,  wh ich  is  o f  impor tance fo r  the  cor rec t  in te rpre ta t ion  o f
freeze-etch images of the erythrocyte in general and probably of
o ther  ce l1s  too-  Us i -ng  the  f reeze-e tch  techn ique a lso  no  e f fec ts  o f
i r rad i -a t lon  were  found on  the  d is t r ibu t ion  o f  ce11 sur face  neqat ive
c h a r g e s .
In  chapter  7  exper iments  on  iso la ted  human ery th rocy te  membranes
(qhos ts )  a re  descr ibed, '  p ro te in  pa t te rns ,  ghos t  shape and u l t ra -
s t ruc tu re  (w i th  f reeze- f rac tu re / f reeze-e tch  e lec t ron  mic roscopy)  were
s tud ied .  L ike  in  in tac t  ce l l -s  spec t r in  aggregat lon  was observed.  From
the two types  o f  ghos ts ,  wh ich  were  used in  the  exper j -ments ,  wh i te
ghos ts  were  shown to  be  more  rad iosens i t i ve  than p ink  ghos ts .  Un l - i ke
in j-ntact cel l-s ,  spectrJ-n aggregation could not be prevented or
reversed w i th  g lucose or  adenos ine .  L ike  in  in tac t  ce l1s  shape changes
were  observed:  wh i te  ghos ts  showed a  fas t  and p ink  ghos ts  a  s low
response to  i r rad ia t ion  and subsequent  incubat ion .  These shape changes
were  d i f fe ren t  f rom those found in  in tac t  ce11s .  From f reeze- f rac tu re /
f reeze-e tch  e fec t ron  mic roscop ica l  exper iments .  showing a  Con A-
induced fMP and Con A receptor  aggregat ion  in  par t  o f  the  ghos ts ,  i t
was  conc luded tha t  p ro te in  mob i l i t y  and more  spec i f i ca l l y  Con A
receptor  mob i -1 i ty  i s  h igher  than in  in tac t  ce l l -s .  F rom pre l im inary
exper j -ments  i t  was  conc l -uded tha t  i r rad ia t ion  d id  no t  subs tan t ia l l y
in f luence the  fMP and Con A d is t r ibu t ion .  Desp i te  the  inc reased mem-
brane receptor  mob i l i t y  in  ghos ts  as  compared to  in tac t  ce l1s ,  on ly  a
moderate agglut ination was observed, even when Mg-ÀTP had been intro-





I n  c h a p L e n  I  t h e  p o s s Í b l e  a d v a n t a g e  o f  t h e  c h i c k e n  e r y t h r o c y t e  i n
rad ia t ion  s tud ies  on  b io log ica l  membranes was inves t iga ted .  The pro-
te in  compos i t lon  o f  th is  membrane was descr ibed and was shown to  be
qu i te  s imi la r  to  the  human ery th rocy te  membrane.  f r rad ia t ion  induced
s p e c t r l n  a g g r e g a t i o n ,  I i k e  i t  d i d  i n  h u m a n  e r y t h r o c y t e s :  d i s u l p h i d e
br idges  as  we l l  as  o ther  cova len t  b r idges  were  fo rmed.  One prob lem
which  remains  to  be  so l -ved is  the  occur rence o f  membrane pro te in
break-down due to  endogenous pro tease ac t iv i t y .  Con À- induced agg lu-
t j -na t ion  was shown to  p roceed much fas te r  in  the  ch lcken ery th rocy te
than i t  d id  in  the  human ery th rocy te-  Th ls  i s  ten ta t i ve ly  ascr ibed
to  the  h igher  Con A receptor  mob i l i t y  (as  was ev ident  f rom a  lec t in -
induced receptor  aggregat ion) .  F lxa t lon  o f  the  ch lcken ery th rocy te
(w i th  g lu ta ra ldehyde)  resu l ted  in  a  concomi tan t  decrease o f  Con A
receptor  mob i l i t y  and Con A- induced agg lu t ina t ion .  In  cont ras t  to
human ery th rocy tes  i r rad la t ion  was shown to  s t imu.La í :e  aqg lu t ina t ion .
f t  cou ld  no t  be  conc fuded,  however .  tha t  th is  was due to  a  rad ia t ion-
i n d u c e d  i n c r e a s e  o f  t h e  C o n  A  r e c e p t o r  m o b i l i t y ,  s i n c e  n o  o b v i o u s
ef fec ts  o f  i r rad ia t ion  on  the  u f t ras t ruc tu ra l -  Con A recer : to r  d is -
t r i b u t i o n  w e r e  f o u n d .
F i n a 1 l y ,  ) , n  e h a p t e r  9  t h e  m a i n  c o n c l u s i o n s  f r o m  t h e  c h a p t e r s  3 - 8  a r e
d i s c u s s e d  i n  r e l a t i o n  t o  t h e  r e f e v a n t  1 i - t e r a t u r e .
1-
' t
